constructed a pseudo free energy to refine the statistical weights attributed to the configurations generated by the simulations. The first term contributing to the free energy, which has the familiar form seen in standard least-square fitting, is proportional to the quadratic deviations between the calculated and measured scattering patterns. The second term, which is more novel, is designed in the form of an effective entropy to prevent the build up of spurious information into the optimized statistical weights. This method works beautifully in the present case, in part because the proposed CG model is, on its own, already producing results that are in reasonable accord with the experiments and the statistical weights are only moderately affected by the optimization.
weights are only moderately affected by the optimization.
The work by Ró _ zycki et al. (2011) reflects the growing interests in using low-resolution SAXS data for structural characterization of proteins in solution (Bernadó and Blackledge, 2010) . The present study about the salt-driven unfolding of CHMP3 offers new structural insights about the effect of ionic strength on conformational transitions. Structural interpretation of SAXS data has become an area growing in activity in structural biology. The present contribution adds to the toolkit of novel methods to treat the problem of conformational multiplicity, and goes beyond simple interpretations of a single molecular envelope.
One important factor for the success of these efforts has been the constant progress in biomolecular modeling and computational simulations.
In this issue of Structure, Yuan et al. (2011) utilize biochemical approaches to reconstitute an active Drosophila apoptosome, as well as cryo-electron microscopy to generate an improved model for this conserved caspase-activating complex.
Apoptosis is a programmed form of cell death, highly conserved in multicellular animals from worms to humans. While several cell death pathways have been identified in higher organisms, the most archaic is the so-called intrinsic pathway, wherein intracellular death signals trigger the activation of cysteinyl aspartatespecific proteases (caspases). In worms, the antiapoptotic molecule CED-9 blocks cell death by maintaining a tight association with the proapoptotic protein CED-4. Apoptosis is initiated through upregulated expression of EGL-1, which displaces CED-9 from CED-4, allowing CED-4 to oligomerize into an ''apoptosome'' complex that activates the caspase CED-3. This basic framework also exists in mammals, with the exception that the CED-9 homolog, BCL-2 (and other antiapoptotic BCL-2 family members), suppresses apoptosis, not by directly associating with the CED-4 homolog APAF-1, but by inhibiting mitochondrial outer membrane permeabilization (MOMP). MOMP is critical, as it results in the release of cytochrome c (cyt-c) from the intermembrane space into the cytoplasm, where it functions as an APAF-1 ligand. APAF-1 contains an N-terminal caspase recruitment domain (CARD), a nucleotide-binding domain (NBD), three successive helical domains (helical domain I, winged-helix domain, and helical domain II), and a series of C-terminal WD-40 repeats that form two b-propellers and constitute the cyt-c binding site. Cyt-c is thought to induce conformational changes in monomeric APAF-1, resulting in nucleotide exchange (dADP/ADP/ dATP/ATP) and subsequent oligomerization. Once formed, the APAF-1 apoptosome sequentially recruits and activates the initiator caspase-9 and the effector caspases-3 and -7 (Bratton and Salvesen, 2010) .
Interestingly, flies also possess an APAF-1 homolog, known as DARK, which, similar to APAF-1, contains a series of WD-40 repeats that would suggest an analogous role for cyt-c in its activation. However, cyt-c is surprisingly not directly responsible for the activation of DARK, and it remains controversial as to whether fly mitochondria undergo MOMP during apoptosis (Abdelwahid et al., 2007; Dorstyn et al., 2004) . Therefore, either another proapoptotic ligand exists for DARK, or the DARK apoptosome is constitutively active, requiring the presence of Drosophila inhibitor of apoptosis 1 (DIAP1), an E3 ubiquitin ligase, to suppress cell death through continuous ubiquitination and degradation of the caspase-9 homolog DRONC. In support of the latter model, loss of DIAP1 induces profound apoptosis in cultured cells and in flies during early development. Moreover, the processing and turnover of DRONC, observed even in control cells, can be prevented through downregulation of DARK (Muro et al., 2002) . Previous attempts at reconstituting the DARK apoptosome with recombinant DARK and DRONC suggested that certain aspects of both scenarios might exist. DARK was previously reported to be a monomer when expressed and purified from sf-21 cells, and the addition of dATP alone was sufficient to induce DARK oligomerization and recruitment of DRONC. However, these reconstituted complexes failed to convincingly activate DRONC unless cell extracts were added to the incubation mixture, implying that an unknown factor was required to catalyze DARK apoptosome activity downstream of DRONC recruitment (Dorstyn and Kumar, 2008) .
In this report by Yuan et al. (2011) , the authors provide the best evidence to date that the coassembly of DARK and DRONC in EDTA and high concentrations of dATP, followed by overnight incubation and dilution into a buffer with physiological salt, results in the formation of functionally active DARK,DRONC complexes that are capable of cleaving the downstream effector caspase, DrICE. While this does not rule out a putative role for additional regulatory factors, it does pave the way for future studies to determine the basic kinetics of apoptosome formation and DRONC activity when bound to the complex. In a previous study by the same group, a relatively low-resolution (18.8 Å ) structure of the DARK apoptosome suggested that the complex was a ring-like structure with eight-fold symmetry, wherein the CARDs and NBDs collectively formed a central hub, around which each of the WD-40 repeat domains radiated outward from the hub like spokes on a wheel ( Figure 1A ) (Yu et al., 2006) . In contrast to the APAF-1 apoptosome, however, which exhibits seven-fold symmetry and is present as a single-ring structure, the DARK apoptosome appeared to be a double-ring, with the hubs in each ring facing one another. Given that such an arrangement would likely occlude the access of DRONC to the CARDs in the complex, it was unclear how this two-ring structure could activate DRONC. The authors now demonstrate that the active DARK apoptosome is composed of a single-ring, and the double-ring structure is likely a consequence of the high protein concentrations necessary for imaging. (B) In the current model, the NBDs form the inner ring and are encircled by a crown of CARDs. The CARDs are connected to (and make additional contacts with) the NBDs, but also rest near the adjacent b7 propellers. Thus, significant conformational changes are likely required to expose the CARDs and facilitate DRONC binding. Note, in this top view, the HDII rests beneath the CARD and is not visible.
Although the double-ring complex may not exist in cells, further analysis of this structure at much higher resolution (6.9 Å ) has led to several interesting and important observations. It was previously thought that the eight DARK CARDs oligomerized to form an inner CARD ring surrounded by alternating NBD and winged-helix domains (Figure 1A) . However, other AAA+ ATPases generally oligomerize through lateral association of their NBDs, and it was unclear if the proposed CARD ring could facilitate the efficient recruitment of DRONC proteins. In the latest space-filling model, the NBDs clearly form the inner ring within the central hub and are surrounded by a ''crown'' of CARDs (Figure 1B) . This new model is also consistent with recent crystal structure and 3D models of the CED-4 and APAF-1 apoptosome complexes (Qi et al., 2010; Yuan et al., 2010) . Interestingly, modeling of DARK based on the APAF-1 crystal structure suggests that the loop connecting the helical domain I and the winged-helix domain is significantly shorter in DARK compared with CED-4 and APAF-1, which in turn creates a larger path for access to the NBDs. The significance of this finding is unclear, but a nucleotide exchange factor has recently been identified for APAF-1 (Kim et al., 2008) . Thus, the enlarged pocket in DARK may enhance nucleotide exchange.
Finally, the CARDs in the CED-4 apoptosome form a two-layered disk that sits above the central hub in the absence of CED-3, whereas the CARDs in the APAF-1 apoptosome form a disk-like structure when bound to caspase-9 prodomains. In the DARK apoptosome, the CARDs are not only tethered to the NBDs via a linker, but also appear to interact with these domains through additional lateral contacts ( Figure 1B) , implying that the CARDs likely undergo conformational changes within the complex to facilitate DRONC recruitment and activation. The accessibility of CARDs for initiator caspase recruitment has important implications, as it relates to the stoichiometry of apoptosome complexes. Indeed, recent studies suggest that CED-3 and caspase-9 may not occupy their respective apoptosome complexes at a 1:1 ratio (Malladi et al., 2009; Qi et al., 2010) . Further biochemical and structural studies will be necessary to sort out the precise mechanisms of initiator caspase activation, but the study by Yuan et al. (2011) represents an important step forward in developing a better understanding of these fascinating caspaseactivating complexes.
